G protein-coupled receptor 110 (GPR110) belongs to the subfamily of the adhesion G protein-coupled receptors (GPCRs). The potential role of GPR110 has been correlated with cancer cell invasion in some tumors such as glioma. However, its expression and role in human osteosarcoma has not been identified. This study aimed to examine the expression level of GPR110 and determine whether the expression of GPR110 was correlated with aggressive clinicopathological characteristics and prognosis of osteosarcoma.
Background
Osteosarcoma develops in the bone and is the most common type of primary malignant bone tumor and a contributor to the tumor-related mortality especially in children and young adults [1, 2] . Osteosarcoma arises most often in the metaphysis of long bones and produces malignant osteoid. Treatment for osteosarcoma includes surgical resection, radiotherapy, and adjuvant chemotherapy [3] . Despite great improvements in treatment therapies in the past decades, patients diagnosed with high-grade metastatic osteosarcoma have very poor prognosis with the 5-year survival rate at only 4% to 16% [4, 5] . Therefore, it is critical to study the progression mechanism of osteosarcoma and explore new prognostic biomarkers as well as therapeutic targets for more effective therapeutic strategies.
G protein-coupled receptors (GPCRs) are the largest family of cell membrane proteins and are involved extensively in various biological processes [6] . Upon ligand binding and activation, the conformation of GPCR changes, and then activates the heterotrimeric G protein, consequently transduce the extracellular signal via G protein [7] . This mechanism has been used in various drug designs to select activators or inhibitors of different biological pathways. GPCRs are currently the target of a wide range of prescription drugs on the market. Drugs targeting members of GPCRs represent the core in modern medicine [8] .
The GPR110, also named adhesion G-protein coupled receptor F1 (ADGRF1) is an orphan GPCR that belongs to the subfamily of the adhesion GPCRs [9] . An orphan GPCR indicates a receptor without known information about its ligand, signaling pathway, or physiological function. However, the potential role of GPR110 has been recently reported to be correlated with cell malignant transformation and tumor metastasis in glioma [10] . In addition, GPR110 was confirmed as an oncogene in prostate and lung cancer [11] . However, the expression level and prognostic significance of GPR110 in human osteosarcoma has not been identified. This study aimed to determine whether GPR110 expression was correlated with aggressive clinicopathological characteristics and prognosis of osteosarcoma patients.
In the present study, we first tested the protein expression level and the RNA level of GPR110 in osteosarcoma tissues. Second, we found that high GPR110 expression was associated with advanced disease stages and poor prognosis by statistical analysis. Finally, we carried out cellular experiments to determine the oncogenic mechanisms of GPR110 in osteosarcoma cell lines, which demonstrated that the proliferation, migration, and invasion capacity of SAOS-2 and K7M2 cells could be enhanced by GPR110 overexpression.
Material and Methods

Patient and samples
Osteosarcoma tissue from 94 patients at the Department of Pathology in Yidu Central Hospital of Weifang between July 2008 and July 2014 were obtained. Patients who had radiotherapy or chemotherapy before curative tumor resection were excluded. All the tumors were confirmed based on pathology examination of the specimens obtained from surgery. All the osteosarcoma patients were followed for 38 months. The cohort included 52 male patients and 42 female patients.
Immunohistochemistry staining
Immunohistochemistry (IHC) staining was carried out by using the 2-step PV-9000 kit (ZSGB-BIO, China) as described previously [12] . To be briefly, paraffin-embedded tissues were cut into 8-μm serial sections and dried at 70°C for 2 hours. The sections were then washed 3 times with PBS (phosphate buffered saline) and deparaffinized with xylene and rehydrated with alcohol. The antigen retrieval was carried out in a microwave oven using sodium citrate buffer. Specimens were then incubated with 10% serum to block nonspecific binding after washing 3 times with PBS. The incubation with a rabbit anti-human GPR110 antibody (1: 500 dilution; ab150547; Abcam) was performed at 4°C overnight. Then the sections were washed and incubated with the Polymer Helper and using poly peroxidase-anti-rabbit IgG was used for detection and sections mounted with a neutral resin. Negative control staining was carried out with PBS.
Evaluation of GPR110 staining
The specimens were examined and scored by 2 independent pathologists who were blinded to the patients' clinicopathological information. Six fields at 400× magnification were randomly selected. Tumor cell membrane and cytoplasm staining were considered to indicate positive expression. Each section was defined by a score standard according to a previous semiquantitative system. Staining intensity was defined as follows: 1 (no staining); 2 (weak staining); 3 (moderate staining); and 4 (strong staining). The proportion of positive cells was scored as follows: 1 (<2 5%); 2 (25-50%); 3 (51-75%); 4 (>75%). The final score was determined by multiplying the intensity score by the positive proportion score. In this study, the expression of GPR110 was defined as low expression when the score was <9, and high expression when the score was ³9.
RNA extraction and quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA was isolated from the tissues using the TRIzol reagent (ThermoFisher, PA, USA) following the manufacturer's instructions and reversed transcribed with the Primer-Script RT reagent kit. Quantitative real-time polymerase chain reaction (qRT-PCR) was carried out with SYBR Premix Ex Tag by 7500 PCR System (Applied Biosystems, CA, USA) following the manufacturer's instructions [13] . Primers used for RT-PCR are as follows: GPR110-F: 5'-ACGCAACCTAGCAATACC-3'; GPR110-R: 5'-AGCAGCACCACAACGAA-3'; GAPDH-F: 5'-AGGGCTGCTTTTAACTCTGGT-3'; and GAPDH-R: 5'-CCCCACTT GATTTTGGAGGGA-3'. The expression of GPR110 was normalized to the gene GAPDH and calculated by 2 -DDCt method.
Proliferation, migration, and invasion assays
Cell proliferation was examined using the MTT assay. Briefly, 5×10 3 cells were added to 96-well plates and cultured at different time points. The MTT solution was added to each well and incubated for 4 hours at 37°C followed by measuring OD4590 nm absorbance using an automated plate reader. The migration was examined using the wound-healing assay. Transfected cells were added to the 6-well plates and cultured to confluence, and then "wounded" by using sterile pipette tips. The closing of wounds was measured after 24 hours and 48 hours, and then normalized with the control group [14] . The invasion was measured by the Transwell assay [15] . Briefly, 6×10 4 cells were added to the upper chamber and cultured for 48 hours. Invaded cells were fixed and stained. Cell counting was carried out in 6 random fields of view. All the experiments were performed in triplicate.
Statistical analysis
All statistical analyses were performed using SPSS 20.0 software. Difference between means was analyzed with Student's t-test. The correlations between expression levels of GPR110 and clinicopathologic features were analyzed by chi-square test. The overall survival data of osteosarcoma patients were 
Results
The expression of GPR110 in human osteosarcoma tissues
To investigate the effect of GPR110 in osteosarcoma, we first examined the expression of GPR110 using IHC staining. Staining for GPR110 was detected in the cytoplasm and membrane in human osteosarcoma specimens with (M1 tumors) or without (M0 tumors) metastasis ( Figure 1A, 1B) . We observed that the expression level of GPR110 was upregulated in M1 tumors compared with M0 tumors ( Figure 1C ). We next measured the expression of GPR110 in 50 fresh samples from osteosarcoma patients by qRT-PCR assays ( Figure 1D ). The GPR110 expression was also higher in patients with M1 tumors than in patients with M0 tumors (P<0.05). Taken together, these results suggested that the expression of GPR110 may be involved in osteosarcoma progression.
Correlation between GPR110 expression and clinicopathologic characteristics of osteosarcoma patients
For statistical analysis, we divided the osteosarcoma patients into the GPR110 low expression group (n=53) and the GPR110 high expression group (n=41) based on the mean value of GPR110 expression. Then, we determined the correlation of GPR110 expression with the clinicopathological features in osteosarcoma patients (Table 1 ). We found that the level of GPR110 expression was significantly correlated with tumor diameter (P<0.01) and distant metastasis (P<0.01). However, no associations were observed between GPR110 expression and age, gender, tumor location, and tumor grade (all P>0.05).
Relationship between the expression level of GPR110 and overall survival in osteosarcoma patients Figure 2 , Table 2 ). Other prognostic factors were also determined to be associated with decreased overall survival time, including tumor diameter (P<0.01), tumor grade (P<0.005), and distant metastasis (P<0.001) ( Figure 2 , Table 2 ).
In addition, GPR110 expression (P<0.05), tumor grade (P<0.05), and distant metastasis (P<0.05) were independent prognostic Overexpression of GPR110 enhanced the proliferation, migration, and invasion capacity of SAOS-2 and K7M2 cell lines, whereas knockdown of GPR110 inhibited cell proliferation, migration, and invasion. Student's t-test was used to compare the differences between tested groups with "Blank" group. * indicates statistical significance (P<0.05) between tested group with "Blank" group.
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Indexed factors of poor overall survival in multivariate analysis of overall survival (Table 3) .
Overexpression of GPR110 promotes proliferation, migration, and invasion capacity of osteosarcoma cell lines
We performed cellular experiments to detect the function of GPR110 in osteosarcoma. The transfection efficiency of pcDNA3.1-GPR110 plasmids and GPR110-siRNA in SAOS-2 and K7M2 cells was tested by western blot ( Figure 3A, 3B ). Furthermore, we tested the cell characteristics to investigate whether GPR110 affected tumor progression. We found that the proliferation, migration, and invasion capacity of SAOS-2 and K7M2 cells were enhanced by GPR110-overexpression compared with knockdown cells (Figure 3C-3H ). These results suggested that GPR110 might play a potential role in the progression of human osteosarcoma.
Discussion
Despite some improvements to treatments for osteosarcoma patients having been achieved in recent years, the 5-year survival rate of patients diagnosed with high-grade metastatic osteosarcoma is still unsatisfactory [5, 16, 5] . Therefore, it is important to find more effective prognostic biomarkers in osteosarcoma patients for diagnosis and treatment. GPCRs are involved in many diseases, including cancer, and are also the important targets for approximately 33% of all modern prescription drugs [17] . For example, various GPCRs for ligands, including endothelin, chemokines, prostaglandin, and lysophosphatidic acid, are involved in tumor progression [7] . Current research on orphan GPCRs will also likely result in significant clinical benefits; more and more efforts are being made to determine the associations between GPCR and cancer [18] .
A recent study demonstrated that GPR110 shows high expression levels in human lung and prostate cancer and it has been confirmed as an oncogene, suggesting that GPR110 may play an important role in tumor pathology [11] . Analysis of the expression patterns of GPR110 in mice indicated that GPR110 was expressed highly in the liver, and GPR110 deficiency in mice decelerated carcinogen-induced hepato-carcinogenesis through the IL-6/STAT3 pathway [19] . It was also reported that GPR110 was highly expressed in some glioma patients and the overexpression of GPR110 can inhibit the phosphorylation and activation of STAT3 [20] . However, none of these studies, which describe the effects of GPR110 in several cancers, have elucidated the role of GPR110 in human osteosarcoma.
Here in our study, we found that GPR110 was highly expressed in some osteosarcoma patients by IHC staining and qRT-PCR. We also found that the high expression level of GPR110 was associated with the clinical stage of patients with osteosarcoma. Furthermore, GPR110 was identified as an independent prognostic biomarker by univariate and multivariate analyses; and higher expression of GPR110 indicated shorter overall survival time. Finally, we demonstrated that overexpression of GPR110 enhanced the proliferation, migration, and invasion capacity of osteosarcoma cell lines. Our findings suggest that the high expression of the orphan receptor GPR110 was correlated with unfavorable prognosis of osteosarcoma patients, possibly by promoting the progression of osteosarcoma cells.
However, we still have no idea about the effect of GPR110 endogenous ligand on the process although several studies have been carried out to screen for the receptor agonists. Furthermore, it has also been reported that STAT3 can be involved in GPR110-U87 cell invasion [20] . Recently, several studies reported the indispensable role of STAT3 in cancer inflammation and immunity, which may inhibit tumor metastasis [21] [22] [23] . It seems that GPR110 may inhibit the function of STAT3 in osteosarcoma and as a result, promote tumor progression. The in-depth mechanism exploring whether STAT3 is involved in GPR110-enhanced osteosarcoma cell progression is worth more investigation.
